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t h ~ o f ~ p r t i d ~ ~ i n t h l o i l r ~ . I n l o i l d c p o s i o w h a c h o r i r a n u l ~  
o r n b a ~ ~ ~ ~ n o - t h a ~ o ~ s v d l s w d ~ b c ~ .  
The US. WA (195%) rrpnts tM hnirmW & am m m  .ppWlls for cmd-xdng 
~ i d . a i v i t i ~ ~ r p d - a r u c h ~ ~ I . n d . a d l r l R . d . T h o c o s t s ~  
mautir.lly in gcologi~ cnvirmnrna th.1 id"& d.y. $.d tin, or -. The 
M - o f h o r i m a u l & i n l o v ~ r d l r m d d k ~ ~ t h r c l l -  
v f i l i . r d v i t h . E o a r ~ p m c u r ~ ~ b y d n u l i c ~  o r d a b a r i a g .  

~ i n s i n ~ C ~ c w d d n r d m b e t k m g . t M p m M ~ m n t m ~ ~  
~ T k p m c s ~ o f ~ ~ b m e h o k ~ t h c B m m a d ~ ~ a B v i d ~ i n  
thebo~k*vindrmgctk~ndiddtm&drt-inthcmsk&thc 
b n e h d c ( e F i 2 . 1 )  I t i r v i d r l y r c o p t o d i n t h c ~ t h n ~ c ~ ~  
~ w h c n t h e m i w r * ~ ~ b a o m c . t d c x i t h ~ ~ ~ ~ ~  
the tanik aauW oftk mcts i.e. dmo; + 0, s 0. 
Pthc rnimr phipal acu bin thc vstirrl dirrclia (0: in Figure 2.1). the 
a r i m t . b o s o f t h e & f n d l r r d b c ~ . I f t k ~ p r i o d p . l ~ m r r S  
b b a ~ ~ t 0 t h ~ ~ ~ ( ( 1 ~ ~ i n P i ~ 2 . I h t h c o r i c m r . t i o n 0 f t h c &  
~ m l l b c ~ . T k i n b ~ m r c u ~ l . t h c ~ ~ ~ ~ d  
Wui* 1 9 5 7 ) " d ~ ~ t h e ~ ~ h d ~ ~ ~ ~ 0 f t k p m p p m , u l d  
v . r i - a b a - o f ~  

N u w r i c J m D d & l u D d t o ~ B M l r c ~ i n p a m * u m r r x r u o b . h v c b r r n  
dmlopdovaaeumbcrofp"d~dartlbli.brd.~m~dds&~inismba~~ 
t i m c o f ~ d ~ w o B v a h ~ v i d t h d l & . ' I b c r r m m b r d c  
q p m c k s d f n . ~ n o d o l l i y l o f ~ ~ o n i n m I w m  
r r ~ ~ i ~ . h b ~ m . ~ ~ ~ ~ . ~ h ~ ~ . t b e - b d g m i a u u m c d m b e ~ n d t b c  
~ 0 0 1 t h . t c h . q g a ~ d m b c t b c w i h h d t b c ~ o f t b c ~ T h c  
P-K- p ~ )  modd (1961) ~rmar thlt tbc ham hu .n roiptid h p c  wbDo 
v i ~ i n ~ h o v a t * . l ~ p m m d * u l u ~ t b c l o l l g . r d ~ o f t b c ~ . T h c ~ &  
K I c n ~ ( l % 9 ) ~ t h u t b c ~ P h r . ~ ~ i n t b c v a t i u l ~ h  
d . n q p m & m d y d ~ ~ i n t b c ~ p h .  


? b o l p l m t i o a o f l k - . l - 6 0 m b m d r y m s L r y . c . ~ ~ ~ ~ ~  
+-two*Wby. 19112). Wawrkaedby-tbmugbtbchot~ 
bavmn tk two basbDla i vlrd to drivs mbitm For d d d  -. Sussoulul 
.wW- of o r  mhmlcm h.n b m  cvriod out in ~ s s v  ~ c d c o  Blvrphy, 19112; Kcn, 
1987). EnglPd (Kar. 1987). P- (Coma el d.. 1982) 2) Gemmy @mmd a d  
K.pplnyer, 19W. 

I n t h c l g d e c d + ~ b u b e m ~ v c c d ~ . ~ t o d m % ? e t b o -  
of conwdo~l  in ritu mmdidon t e c w  L r  the d w p  of cmm&aWd rdl a d  
~.nt~~Baeba419W;FmtdB~.1~;~a11,1996,hUlrdoFb~d 
1 9 9 0 ; ~ a 4 1 9 9 5 ) . S i m c a r ~ 0 4 ~ ~ ~ b u ~ ~  
. n d i r ~ u r s d r n ~ y i n t b c e a v i m n m a W i a d u N y u ~ m r n r o f r r m j a l l  
~ h l m p m e b W y - u m e C d ~ ~ S E P &  199%). 

M n i d T a m m ( l n l ) ~ t b c ~ - ~ ~ d t k  
M of nriaur m h a i ~  soils. I n j W   st. unad out h a niaxid lkwi"g d&cc 
26 
~ u d t  d ~nhsnbsrg (1988) & the mlc of shur d i i  &th mpm m 
pnmbibw mhmcems in oil sands deposits. Fluid iojwha at hydra& f m m i q  
~ F s u l t r i n h a r b . a d ~ i n ~ o f ~ ~ f , m = a . ~ i n  
~ r r w o i n ~ ~ t b c ~ s . l ~ b t h ~ p r " x i P . l ~ . T b e ~  
i n d i a t e t h n M h n n c ~ d ~ e t o ~ m p c l i l r d y m ~ t b s ~ h r m  
s r i d - s o f B m p . t b s - t b c ~ i t r n u s d u a t o ~ i s a d o f  
~ ~ - B m p a b a .  

T h c d e K l ~ o f ~ ~ i m t h e d p I n / r ~ ~ & i m t b c ~ ~ .  
~ d T O h . l m L o ( l % 7 ) ~ ~ ~ o f + w n l ; d O Y t m ~  
t h e d ~ ~ o f m i ~ d ~ ~ ~ ~ ~ l m d a d i , m r h c P  
~nn.P~~m-p.idtoinveni*tbchu-~ebnicsvtirhtby 
~ & B o m ~ d m c d o l l o f p n i s l c l m h a t h a d i ~ - r r  
paidcl.Nodixo~wacobrarsdto-~dcyioMblgtop.lrarcoglb 
S-beginto-.twmtbcp.lltrrqpbKhJdngisthc~modcof 
deformation in the pmdmh of major rmrtura svith mny ljnL mwmm being 
~ k t o s l u l u h ~ r r m ~ .  
% . h r o f t c m b s . a d k b m d ~ o f ~ r d l r t C I L d & & d ~  
w u i ~ b y u u n d . ( 1 9 w ) . s w p t h t a t r - & O L n m d i a a a  
u o i d d . n d ~ p h a ~ ~ g u c ~ ~ v l r d t ~ d c ( C d t h c ~ o f r h e v ~ r . S m i n  
l o R ~ g w u ~ u , b c p t h d ~ . I t - o c a u u h b m d ~ m ~ ~ i t m Y  
-r widlout ths dewlopma of my mnbomogairy. Shear band hmwim i. nm 
~ . ~ ~ ~ o m , b u t ~ u ) - u ~ ~ c -  
o f ~ ~ I s t o o c n r i n ~ ~ a u l d s ~ ~  
~ d ~ t b c ~ o f m o d * l n n i a ~ m n a i . l d ~  
t h l d - ~ r b s v b a d ~ . T v o ~ I p p m r k r h . v o b  
luod to model s b r  mm ~~~ Bnite deawnt% Thc Brit .ppouh imolwa 
~ t b c ~ o f . ~ ~ U ) - T o r d c v d ~ d . r b s v b . " d  
wu--kd~mr, 1~1) .Thcrcmnd~ismmddthcherbadin.d i raD 
~ .modi fy iadthmeaht~ .Eunrmadn~tbcdcvdopl rotof th Iharb . ld (P~ct  
41991).MO1mClhOdl~.OdyeastivdyDodeld~lionqlvgaddorrrmionr 
a ~ y d i n - d d i M r t i m w h i m , i n l m g r m y r r s u l t b ~ d ~  
a kmmcia. 
% r o i l ~ d a ~ y ~ w - t h c l p c n a ~ - d u c t ~ r h c v i n g r m y b c  
low pmddhy roil. tM .re heavily ovncoorolidmd. Sdl m y  bemm ovomowlidmod 
d u c t o a m u a b a o f p o o c r r r , M u ~ a i l ~ o n f i M b y ~ ~ ~ i n  
M a t l M e ~ d a r i ~ ~ ~ ~ 0 1 - ~ l o n s w M o b  
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Sc&t a .1 (1991) X i c  *laaxr ofup to 16% in Cold LlLs oil radr 
~ x + t a t h c i r a m p i c d l k t i v c m r i s ~ m z e r o C m m m ~ ~  
~mrudlzMPrmcPabmrmrludsdIhaprmsbilifycb.qpr~i.otmpic 
u n l ~ ~ . ~ d t h s ~ d u m k 4 i m & t h ~ p o m d y o f t h ~ d t b c  
~ p . m I t a n r l u g e o r t D d I h a ~ ~ m a c ~ x + t a ~ o o a u r  
~ ~ p o r r ~ R b a U m b y ~ t o W i . o t m p i c m . ~ w t b o n  
~ m t o d t b . t . ~ ~ ~ ~ i n o i l d ~ " " d ~ ~  
d ~ . t l ~ ~ ~ n r r r r c r . ~ I , . ~ ~ " , i r a t m p i o ~ u o  











n e E n ~ T c n F d ~ t y m n ( m I ~ W ~ o ~ o n ~ ~ u S N ~ ~  
stArgemi~vvhi~iruuduasitc€~I~ulc6r16t~ofindh.nd~~Wd.od 
gmundwarcr rrmdinia. tezhoologi~. F i i  tcn piu m -Mrd sviU*. tbc €If Blld 
ferdnB-inndamdun~thcloil.nddcDnainctbcm~~tible~limfw 
~ o n o f t a a d . ( n t b c ~ d o ~ ~ ~ . A i a p l r n ~ t b c ~ ~  
ofthctantpitrkpsemdinF'8y~3.l T h s M ~ v c r o e x c a ~ ~ ~ ~ ~ .  
Test pit lop ya Muded h A p p d k  2. 
ThcEveMpi lsvu*dh2 .7 to3 .1  m i n d c p t b v i I h ~ a d l c o & ~ ~ m t r d ~  
a U t a p i u . ~ ~ , a t h i n m ~ d d . o d ~ f i o ~ ~ ~ m c * n - ~ n r d  
a t . t t h e g o u l l d ~ ~ h m & f m m O . l 9 t o O . 4 2 m ~ ~ A ~ ~ o f ~ c  
topsoil,vdylarth.ll0.1minthislmaS~tbcfio.U~tbct~I.yaw 
a d c n w t o v c r y d ~ e b m w n ~ d . o d ~ W ~ ~ - & . o d  
€requent &ler .nd boulden, Tk Mnmc o€-lking draruod vab dcpUI, md w n  
indicated by the colour h q i q  hwn bmwa ta Ihc lea piu were gCMlUY dry. 
however, w r m e g r m u l u l m r c r ~ ~ v m l e r - e x o m l e d  RoprCxM6vcgr.in 
~ ~ ~ ~ o ~ r w n . n d ~ m n t ~ t m ~ t a ( n t b c t i O u c ~ i n ~  
2 
41 
The rc,ulo ofthe field mbcrrrgruon tnd~rrled [ha ,he roil condrtionr were generallyunifomacmrs 1 
the rest rite. Lebcl areas of the nu. close ro electricity and water supplier. were wlscrsd far 
conrrruc~~on of the rest beds (see R p r c  3.1). 
,A ~emporqrvrvey canrml benchmark(&rignnsd SE) wascrrahlirhednsnrthehs rert bydlbydnvlng 
spllc ,nto the rrmamnr of a former sooden power pale that had been cur o f f  near the gmund 
runscc. The benchmark was gven m arbtlrnry reference slsvation of 100 m for uu %n eievarion 
control dunng conrtruction of L e  test beds md carrying our the field erprimcntr. Elcvarianr 
mponcd for the tieid erpnmcntr are referenced lo the local bmchmark elevation. A survey level 
war used formeasurement ofdeprh mdclevaion dunngconsrmstionmducavariwofthehcM 
and dunng the ticld erpnmcntr. 
. local coordln~te r y r vm  was errnbl~rhed foreach rest bed wlrh rhs cenmof Vle tern bedgiven the 
~oord~norcr 0.0 m S m d  0.0 m E. Gnd ltnes were ermbl~rhed with rrrpccr la the cenm pznt  lo 
ailon rhe cocruonr of  inrrrumcnlorion md ensneering meilrurrmcnu lo be referenced by nonhmg 
mderrting ro the local gnd. 
3.2.2 Test bed excavation 
Ewr%mbon of rssr beds was smed our urlng rmd l  rubber-Umdd tracked backhoes. Topooll and 
ogrnlc matenalr were r m p p d  fmm the ground surface prior ro srsrraing the 
Q 
Tho base of ths tc.f bcd fw FLDrSn wu oxcawed to qpmdmncly 3.9 m below th 
originel ground & (buc d d o n  95.91 m in I d  rrfarncc .yrtno). ' I l e  base of* 
c x ~ ~ M t i o n m v n r d m - o t . b o u t 4 m b y 8 m . T b . ~ o ~ d ~ &  
the exclvuion .rr rhovn in F- 3.3 d 34. 
T h e b . r c o f b n h t c a W c x u n t i o l r r ~ m m p c r o d p r i a t o ~ o f ~ . B u c  
wmpanion mndaod of a MUrce pass arith a m d h  poarrrod vibntiRB plUo 
compactm. -.r, b.e(rrm was in IS0 mm thidr hnimnUI W with each lift 
w m p w d b y . t l ~ ~ p r u e s o f t t * ~ ~ . ~ E o b b b c r . a d W ~ w c r r  
-red h m  the M ramid ptim to wmpdmr 
Ful lor~ng~ompacuon fcich loft. the dcnslry mdmo~rrurrcontentoflhcroll wcrcmcaruredarwo 
la-ruons I;rsng a Tmxlcr Model 3.130 nuclcvdennrnerer. Farall denrlly -ursmnr. the pmbe 
depth was rcr to I50 mmandrhe ltmccovnr wasretar 1 mlnule. A rummwof&nsayandmaaarc 
conrent rest results forboth er r  beds provldcd ~n Appendix 2. 
Te i t kdFLDTST I  was b~ckfilldmdcompicrcdlomrveagegmundr~~ceelevnuonof99.1 m. 
Tcrr bedfLDTST2 was br~~l ledandcompacrcdrom nveragegmundrwfaceclsvationof98.7 m. 
Topogrdphlc runeys were c m e d  our using a surveyors md and level ro &tcmune Ibe m u n d  
iurrace elevrrion of  the tea beds pnor ro the ~njectton rsru. 
.A lerr~cnl ~njecnon well war ~nslalled &I cmrddnnr~ 0 3 . 0  E EE test k d  FLDTSTI. The tip of the 
,%ell , \sat  ele\auon97.12 rn.Thetnjccuon uelluasfabncaredur~ng5Ommdiametcr~hcduIe40 
PYC pipe The loucro 55 m of the well urs wmncd  utmg acommerc~ally rvmlnble well wrecn 
u l th0. l "  slors.The well screen nas 1unoundedw~hII1 n l ~ c a ~ d r o a ~ a n d p i c k d i m 1 c r ( 1 f O . 1 5  
m The xnjecrron well waspporllled pprioito placement o f  back311 w ~ h m  rhc r u r  bedandhe roll 
uor compacted an lifts amund the well The m d  pack was tempomly eonmned mundthc well 
dvnng placement of the bsckfill by rerrrnp the mjection well within nO.15 m divnelrr sheet mcral 
tube uhlch was filled wtrh rmlicawnd. The 
~ m c u l ~ ~ w r r t h a p u u r d u p m o f t b e r o i l u t b c b d g h t o f t h c ~ ~  
a m l m d ~ c ~ o f t b c ~ b e . w h . n t b c ~ ~ t b c t o p ~ f t b c ~ ~ t b c r b e a  
meld tube remod md dditiolul b.EKlU 4. p l d  d m m p d  up &.inn the 
PVC inistion XSO. 
for FLDTSTI, memres m ULcn to pMDt I& Fcm cxaunkg Jong tbc smmth 
h t m f a c e b ~ U r P V C p i p e d t k r o i l  AtthneloutiansJorytbc*uffoftkbj& 
weU, silicone acJ.nt w *lied to thc exterior O f U r  pip d adtin 0.25 rn nd*u p+x of 
p o l y a h y I ~ e w u ~ ~ ~ f b c p i p ~ ~ ~ t h e ~ . T b a p I ~ ~ w u t b m  
r p r c s d o u t ~ u U y . o d ~ b y t k n e x t k f I o f ~ i l .  
h t n t b s d F L D T m . ~ h o ~ i n j ~ w t l l ~ . ~ d ~ t b c M c r p i p I a m d u  
~ ~ ) ~ ~ O . O N , 2 . 0 W d ~ 3 . 0 m l o q ~ ~ r n c t r d . s 6 m m m m b g ~ O . O N ,  
1.5WloO.ON.1.5E.Tba~M.~eduahO.l"rloL1.Th.~ofthe 
horirontalwcUws% 29mThcinj&dwuhbMMMnm-rbodulc 
40PVCpip 7 h e 3 . 0 m I w g d a d i ~ o f t h e ~ ~ ~ 1 ~ b y 1 0 . 2 m b y O 2  
m mnc of V l  4. The WUim unll w psilimed prior to p l r r m n t  d M  
w t h i n t h e t s n b e d ~ U r Y ) i l w ~ 1 ~ ~ W v a n d t b c d .  
Four pore premm mnrducm (PPTr) ~n iM.ued in tea bcd RmST1.  Tbe PITS were 
olibned in CMRE'r Lbontny prior m being ULcn imo the 6dd. Svnwricr of 
u d u e n u l i b ~ d o h ~ o n d . u . r r ~ i n A p p n d i x I . ~ P P T s  
w e r r h v i c d i n t b e . o i l ~ ~ ~ g o f t h e t e B b c d n h e ~ d ~ I h o w  
in Table3.1. 
Designation Nonhiy(m) m ( m )  Ekvuim m) 
PPT - 2 L3311671 
PPT - 3 L356424 97.67 
PPT - 4  4365 OW 97.67 
LDT- I 5421 0.W 0.57 99.05 
LDT-2 5422 0.W 99.10 
PPT locatios are h w n  in figure 3.2. Cabkr for the h r  PPTs m mutrd Mund the 
pwhaer of the t a  bed to s pint ney the mnhM mma ofthe excawdm w h  they 
waethruded~&a*ngthofmanitaingvnlleuingudbmughtvn6E.Uytothe~ 
surf=. a r e  was ukcn m cnauc t~ no rhup pmiclislcr or lpgo COWICI were p w  over 
t h c P P T s o r u b l c r d L i n r i t r d s n n p n i o n o f t h e l l O d t M ~ ~ f ~ i l ~ ~ ~ O Y t ~ y  
Two linear displpluancnt tmsduscn (LDTs)  anrr d to modtor e n d  dcfomutiolu 
during tbc injeniollm. Thc LDTs mc d i d  in CMRERE(i labmamy pior toking 
t p l c n i n t o t h s 6 d d d U l c d s d t h a c d b ~ . r r ~ h ~ I . T h W I T .  
- i n s u U F d a t t h e ~ ~ u t b c I ~ . h o ~ i n T . h k 3 . 1  
btbcto*bedma~of2.0mbalargandrurRadU~~ofI.0mhW 
~ ~ w c l l . ' I h c h r c o f t b c t d r a a r r c c l l w u o r i e m o d u , n r r u r c t h c ~ * r a s  
i n t b c t a t b e d . T b o l o o t i m d ~ o f t b c ~ u s ~ i n T I b l e 3 . 2  
lad us s b w  in €igure 3.3 d F- 3.4. 
C . b l n f n t b c t u r i r d ~ - d t ~ t b c @ a ~ t h m v g h v a t i u l  
p l & t u ~ t h n w u ~ d i n u U t c a M . T b c d ~ o f t h s b l ~ ~ ~ w a h  
a bcmolatc durn, follming mmpldim of th M bed Whcn hd!ing hrr*d 
~ ~ ~ ~ u k e o t o - t W ~ ~ r b r p p Y t i d ~ ~ n ~ c o b b t n - ~  
o v a t b c i n a r m m c o t ~ i o u l , k d ~ ~ m o f ~ n B d ~ ~ o f a i l W L I ~  
o u t ~ y ~ t b c ~ s . A t t b c g m w d ~ t b c c n d r o f t b c u b l o r m d d l a d  
~ i n ~ 5 t o ~ t b r m e i - m o i ~ p r i n t o t b c O l t  
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m m 3 . 4 .  Test bed cari6gamjcm (&cairn) - EIDTSTZ 

T b c p o n p u s c d r o r ~ ~ ~ s l u ~ 1 9 n r m d o a c o u p l d g r ~ ( F i 8 " 3 . 5 ) n t r d  
5 0 . 6 3 V s m ~ ~ d u p l o 6 9 0 L p . ( 1 O U S ~ @ 1 W p d ) . S ~ o ~ d a ~  
au~wtkpmpareirr*d.dinAppmdix I . I t ~ . f o u o d t M f t h a i n l 0 ( ~ ~ n t k  
gm puap wu lm, ma puap wovld uvime d dimpt the flow of Ma. This w 
~ 1 0 l v c d b y a u s b i n g a M n r m ~ g " o l i a e ~ d B . I I " l p i n - l i r r -  
t h c - ~ d * * r i d s o f * ~ p l m p . T h c ~ p l m e ~ d s d . ~ ~  
b i ~ ~ p ~ ~ t h c p I " l p . ~ ~ t h c ~ ~ t b c ~ . " d  
t k i o j c c t t o n d w a a n u d ~ ~ M m m ~ k a v y d u t y ~ p ~ c b s e  
Data acquisition wu anird m thc ta us@ a S d d c  CRlO 
m c u u c m c n t d m m l ~ .  S h d . u c ~ w r e m o ~ ~ t h c ~ l m  




W r s f i m w n a w i t h ~ i a d 1 ) o d y e ( w c )  
hjrsfim EM with v i m d k  d dyco (2W) 

~ t h e ~ a ~ i d ~ ~ 1 ~ a o t b e q e c t i ~ ~ ~ ~ ~ 2 ~ ~  
~ t b e ~ c ~ ~ & i d a p ~ u t h e ~ u m E c 1 . 4 m t o t h e ~ o f  














I : 3 0 p  
Event 
Wnjrstiontestdytobegb 
D a I a ~ s y s t e m o n ~ ~ d . u )  
Pump om@@ pumping Buid imo h+m wdl) 
Tk Bow m e  imnrdiatdy -to lppmrrimmch. 0.63.l Vr ad tbcrr is 
an initial w i d  increase in i n j h n  pmssue to qpmmnudy 83 kPa = 
meamrd U the w 4 W .  Begin aU&g &we movemeat d.1.h 
ruwq pins. 
hjcction Bow a0.631 V5 @ 69 LP. 
hjdtionflow 0 0.631 Us, pm- 8 62 LPa 
h j d o n B o w  eo.631 v5pmsue@ 55 Lp. 
'BluC fluid ap- an g m d  avhec -x. 1.4 m nonh of w o n  
well ima b d f i m 0 . 5  m W t00.5 m E  
Injection Bow @ 0.694 Vs, p- @ 55 WI 
Fluid mohnucs to Bow OYt oftbe mil omothe smf8ce o f t h o M  bod. 
Stop pumphg (appmdmady 114 W o fh id  & dmbg m). 
DiyoMCSt BOW meterad hose fmm injomOn wd (cma* Euf offtop of  
MO) Fluid BOWS cut ofiojmim (wU flOm the M bed. 
Fluid level bcginr to dmp in inject iood.  &&in respm% 
,.iIh time (f.ui,,g kd M ) .  
Stop d m  muidtion 
~IcMta(uipmcmCrryoutgrmmdsmf8cectnnIon- 
on runt m d  as aw mmqed h&re hjection test 
D i r p l . o a n a m ~ h d h I d . a i & j l l n p i d ~ o f ~ l m m d w i w  
t k ~ m ~ d 8 u i 6 ~ T o u 0 d b y a I ~ ~ 1 n p a b u t ~ k d i ~ n n  
h u i n g t b c ~ s r d a - i d ~ n . L D T 5 4 2 1 1 o m s d 1 . S m ~ t b c ~ ~ w e 9  
m c u a u r d . I l l . d m n n v a t i u l ~ 1 p a p x d l b o u t 3 . 5 m a t b c W W i l l ~ m w ~  
~ . ~ 5 4 2 1 . l o u o d 0 . 6 m ~ t k ~ n w e 4 ~ ~ ~ r e s p n s e  
o f . b w t 2 . l m m u t h W t h l l ~ w u ~ . A f l c r B u i d ~ o ~ w * o p p o 4  
both LDTr rbovrd I gdud drop h tbc gmund auhrc clvuw, .ad a pmunmt 
dirpl.Cmm of.p,"whudy 0.5 mm. n"hce dirplremat m t"@. rvnyar 
I e v d ~ m d . w u m ~ w i m t h . t ~ v d q B t b c d i ~ ! a c c m m t ~ ~ .  
F o ~ t h c h r j & - t h c ~ b e m d i m d M t h c d d 8  
~ k . d t c a - M * d o u t b y ~ t h c a o p h ~ & ~ ~ h t h c ~ o " a  
t i m T b c i o i t i . l d ~ q & ~ M t c a s ~ ~ ~ u r i l y l t h c H v o n l s v  
(1951) pmoedm iamrpaned in- the cnnpaa pmlp~  SrprSlrgsvhich is d i r m i t d  
b y s u r p o i m s ~ . ~ H w n k v m a h o d ~ t h c d d ~ o n o f t h c b u i c t h r r I . s  
d ~ ~ a p l o t o f t h c s b . q l o i n h c u d b t h c d v s r u s t i m c . T h o m n s s  
~ ~ c y o f t h c d p i m t ~ t h c ~ ~ ~ ~ ~ b c 5 7 1 @ d s  
u+ lkh water. Tbc - b o ~ ~  p-m&My from thc poltCjmion tart wu 1.4 
xl@dsuringinjslionBuid016.9~ I O d o m l r d e r ~ f o r t h c ~ h  
~ r o a y - t h c h ~ e u i d d 6 a h ~  


P-OI @PI 74-11) -dam@ d . h o d  m mqome duing thc I&. ~ 4 5 ,  P m .  Pd8, 
P W ,  P-10 d P-13 (see P i p  3.3 d F i i  3.4 Tor PPT I d - )  wee -uorldog but 
recorded no m +he injsstiontc.(. Tba mqome o fP66  V 4378) 
w u o m t i s d u c m a p o o r o * Q i d u M c d c n . ~ - ~ ~ ~ ~ m O P o f p " v e  
~ b y ~ - l l ~ g a d q k t i r m ~ h ~ m t b c ~ B v i d I ~ h B c ~  
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&& oftea boa m s n  for remod o r i  d mapping of* mrr 
l o u t i n u b a s m m ~ 2 9 d w u r n n p W o n N ~ 3 . A ~ b b o r ~ ~  
damclicd-warerrvtilircdh~~~~&tcrtbrd.Ducm&highly~ 
~ d ~ w F a h a ~ ~ * P . n o f U K t C l t b o d w - M n d ~ ~ 3 . 1 3 ) .  










S F . l i n g I a ~ h . v c b e m - d ~ d f a a l l v m b c r o f ~ d t l u t i w r . ~  
~ ~ t h c d ~ o f ~ , r m i n r , ~ e p g c p a c c a r c ~ m n s o l i d . f i o o , p u t i s k  
da as, nc. have been d i d  by nuay anbm (see &-I5 Schoud4 1980). A 
compnbauiva dirsvuios of s d h g  laws dad to cnvirrmmd geonrrsh.niu and 
l n m p m t ~ h p m o w ~ - ~ ~ ~ b y C ~ H ~ d ~ ( 1 9 9 5 ) .  
~ ~ ~ ~ d e ~ a m ~ h T a b I c 4 . 1 .  
76 
n - ~ b y ~ ( 1 9 ~ 1 ~ , t h u ~ ~ ~ ~ m ~ ~ i n t h o c e m k % + ~  
r o p u i n d i f h r r m ~ I n n ~ ~ b c ~ B r m o d r O i n g ~ r ~ ~  
b wmned by 8 f&m smess or yield smess. Bfla nutsrials am tho= &ds which m 
o h . n a a i n d b y . ~ m u ~ . a d * ~ o n i ~ b y t b c ~ 0 1 1  
d s ~ . k S ~ ~ . o d r m l t i p l ~ * ~ ~ ~ ~ . ~ n l u c . ~  
bchviour d t h c  sil used in this d is q& diWrrm 6mm thc bCh.vi- of M k  
m d r r u s h u i ~ s l r s ~ c ( c . . a d a b ~ t M ~ ~ ~ ~ I ~ - v . ~  
~ b r i t t l e n u t a i . l s ~ . p p t i u b I ~ I t k W r c l y t M t b c ~ o f t h c . o i l u a d h ~  
~ i s ~ b y f . i k v c ~ d ~ d w d a l E o t l a i T u g . ~ l ~ a n  

r h c r r p i . t h c E u i d ~ . v i s t h c a u i d ~ . D i . .  
( h c ~ d ~ ~ ( ~ D D o r D , o ~ ~ d ) , d w i s ( h c ~ d t b e  
p o n  Elrid. Bar (1979) WsPcr tbn (hc - litnil fw himt Bm* is 1 RcymIdIds m m k r  
o f - l d I 0 . F o r t h c - o f ~ m d i n t h i s d u ~ d . ~ ~ ~  
d c n t i ~ o f 5 0 & t h c ~ & ~ ~ d h O . I  (OO.Zb(hcSpaarhacL.oh 
tutruudfromo.cnm 1.5inthe.iltydtutr.Forthis-d-1ds-m 
E d d E o w i s ~ t h e ~ r r s i m d ~ s L a w i s M l i d .  
Soil haring for C I I ~ ~  qpliuti~m isa m M of reear& n e m  is no 
~ m o d ~ t h c - i n a ~ u l ~ ~ d r n p R Y i ~ ~ r ~ b u ~  
& e d a d m d ~ ~ ~ I r b d p f w ( h c - . B u o d m ~ d ~ ~  
scdin8 lam, b U r n  of thc -ge injdon mdds am ruled horn tbe 
P n n M y p s b y 4 = ( 1 / N ) ~ . S t n r r e r d E d d ~ i n t b c m o d c l u c c q u i ~ . l r p t t o  
smraCruudEuidplcrurrrm.lulognulanionsinthcpmmtyp.Soilpropatiol,i.o. 
d ~ . ~ o f ~ d B a ~ . r s c q ~ u t h e m o d s l d p m t o t y p s ~ .  
79 
~ ~ d n d p m ~ ~ ~ ~ d ~ , ~ d , o e q u i ~ . t *  
model and pmtayps &. 
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Tab@ 4.2. Typical geotdmical propdesdSpmMtebdin 











T l a ~ ~ p a w v u ~ a t t h c ~ ~ d n g ~ D ~ c k p n c -  
-@PIS). TbosucllhrdlPPI m a 6 h  used forteus CCFSOI. CCFSOZ lad 
~ S 0 3 ~ ~ i n R 1 p r r 4 . 7 . F o r k t c n S h c ~ . u u ~ ~ ~ M i 0 0  
- m n r p k t e d r a s h ~ d ~ ~ ~ ~ ~ d o n t b c ~ r r l I p r i w w  
rcsf.rtb. thc d p .  M Prrrura '%'&lop" md WoOddc" wme louted 
1 1 0 m l a d s 5 ~ ~ v s l y . l b o w t h c ~ 0 f t h c r o i l .  
OCR (at n-5001 













a) Desipn OCR vm dsph in centrifuge at509 
K (a1 n-5Op) 




0.fO : 0.t5 
g' 020 





b) D ~ e n  KO with depth in Cenbifuge at 5% 
m.mr.3. v a r i a t b n r d ~ o c r c d  ~wabdcpth 


.: INIECWW if WELL 
! 

Th injstion fluid ooaristd of mixme of MahyI- pauda and MP U a 
~ d l o g d ~ p o v d a p r k d ~ . R i a r m r p b c u p . t b c p u m p  
y ~ . m c w ~ d ~ t ~ w c 9 ~ m c m ~ g ~ t b c d m m c q r c l i o n p u m p  
arar~~injslion~d.C.rrvu~m~mc.maunofdrrrmidngintbs 




Fonming tbc oompklim ofad, bKkuiLm at for CcTSoI. CCFSm, d CCFS03, tbc 
c a ~ m r u b ~ t o . a o p , t b c ~ * d t - - h t b c s r r U d t l r  
~ d t h s n a a n b l y . * u ~ U ) ~ ~ m w ~ h t i m r I b c d y w u t h c l  
b o M b . & m o t b c ~ . ~ ~ r a i m ~ ~ h ~ ~ ~ ~ f c a t u d l w u  
R m D v a d u ~ . ~ ~ d t b c w d l . * u ~ . I b c - - U r m ~  
atmcmtmladimdwrrdintbcumcnulma~ruAescnMinSkoim 4.5.1- 





folbwki$pbmai on a&&ge arm 


T.bk4.7. q& paurr rapoam 




m R 8 l e T d  
* t ~ d w d c = ~  
h ( L u & - l O W Q * d M S t R  
h l ) r & - g I D m - d U S t R  
h ( L u W ~ l O ~ d 1 Y I t R  
h lh .&-Ds2e&yUIdl3( l tR  
r C n h W - x i e -  
LCUW&-ID--dZb3tR 
r m h W i ~ g , o ~ - d I Y I t R  
L C U L h . a ~ ~ I D P a d y Q . t c d I 4 Q t R  
L c n W W W - o f I 2 9 k P a  
- W e - r i I b t l m c  
LCU#bm&WQUC169-  
- l b u & w r i I h t l m c  
Tam 











No*.: ' L . 1 ~ 1 1 t e s , . s ~ - d " - b k ~ f u i f u i ~ I D t h - w ~  
thsdcncidrn- 














































~ h . o f t h c b * c & m s c 1 ~ t h ~ W d n l p ~ ~ i n P I ~ 4 3 5  
w 4.40 l3r CCPSOl 4 wstiom d ht F- 4.41 to 4.45 h CCFS02 4 d m .  
~ ~ o f ~ h ~ ~ ~ t b c d n y I . l d ~ 0 ~ i n ~ g u n s 4 . 4 6 u d 4 . 4 7  
for CCPSO3 d ht F- 4.48 and 4.49 fm CCPSM C- &re prrrnsd in 
~ ~ ~ 3 . w h i c h h t b c ~ o f U r ~ m s n i a b u l ~ d s r r U s A w L  
~ ~ ~ o l u o T t h ~ m r o * m * m r d m p m v i d c v * s n o f t b c ~ ~  
4 h t b n a ~ ~ 1 8 c l . d 9 0 n 2 ~ ~ . n p l o m D d h t F - 4 . 5 0 w 4 . 5 7 f o r C C F S O l  







! ; :=I 2m 
(50 
0 Om6 am 0015 0.m oms om 0.W 0.04 0 . w  0 .0  
IW--Mn(ll) 
1 - 
xa !im lmO Dm6 001 0015 i(mn (La Vd- 0.- w") 0.m 0.W 0.06 OW 0- 
o.ms 0.01 oms o.m oms o.m o . ~  
I-Mn*m"l 






Ilgurr 4.29. Gmund m a c e  d * r m m t  vn thns for weU G 
Figrrr 4.30. Gmund mrFace dkprmmt YI lime for weU H 

l4gmX.e 432. H0,imaWcxtcm ofd* mar for m m  


W c l l A s a ~ w e U ( a O O m m ) )  
Tk &smnhmuly has rmhattd at 
1ocatWOS abwP snd below me 
1nqexmn m%msl 
- 
Ftom 4.37. Dye trsce ihmwcU C - S&n 2809 

r i a r e  4.41. Dye traocfromweUE - Scctian27C 

Figom 4.44. Dye trace h m  well H - S&II 190° 















P*.m 4.59.90 to 270' vLw ofdp uaces for well E 


Fiirr4.63.90 to 2700 v*wofdp t ~ n  for wdlG 
Fig.= 4.64.0 m 18W vin, of dye ma for MP H 














% ~ ~ S ~ t c a i l ~ ~ C R I S P . i s . ~ M c r l e m O m . l u h a r  
pm- that wu davslopd over 20 years .go by rrrPEhaa at CmbW.c UdwmWr 
f i & & n g ~ h t h e U ~ ~ . T b e p m ~ p l m w a s a i ~ ~ ~ b c  
r u n h a r m i n f h m c ~ . M h u b a n ~ ~ m ~ y e a r s t o ~ o n ~ ~  
~ ~ h . W S ~ d m m c ~ w i t h . ~ U . a l n l ~  





F L a ~ ~ r o f ~ F L A C . v a d o n 3 . 3 , i r a ~ d a p ~ c i t ~  
SkOdIh fW a-8 compuUti011. A d W 0 m  of tbe 
t h c o m i u l b u i s o f t b e ~ p n q p . m ~ d t h c ~ ~ . r m c h u a ~ o  
~ b y I p a u ~ O r m p ( l 9 9 6 ) . T h c p g n m i r u r d t o d d t b e ~  
o f ~ s Y i n o f r o i S * ~ ~ & ~ , t h t t ~ y ~ p ~ n ~ * m c b  
yield limit. are rrrchrd. 

b s i d a b s t b c ~ d ~ d t b s ~ - w t o n m b m t b c ~  
of tbs shr bmb (see b -L; CuwWl, 1989; ChmWl. 1990; d cund.u, 1991). 
M h o v ~ ~ p ~ d b m d d e v d o p r r a t i o o d c O o d ~ , b a d d o r d ~ i r ~  
d c p m d c a d P W L C ~ i n m t ~ m o d e l t b c ~ o r t b c ~ o f s h r b . a d s .  
V~t~dtod-~dirrusrwercmnridond~relertiDg~compvtapqp.m 
b~gthc8uidis'kti011pmanItr~~6ardmbe.-&EicRuacof~ 
r o u t i l i a ~ ~ h r o ~ ~ ~ m o d s l W ~ Y d y f o r ~  
p m j O S t . T b c ~ l b a r M b e ~ ( o r ~ ~ ~ . n d . b a r M b c ~  
a r b l i r ~ d t k t b c ~ ~ . h . ~ ~ w d ~ ~  
t h c @ r s ( i ~ n w ~ . & ~ a m l ~ ~ c l a ~ e - m b e o t -  
~ m t b c ~ ~ a r r r r & d e k " m u i ~ m ~ ~ ~ b e r m r i r d o v t  
~ & , g ~ p m g n m t h t ~ e s ~ ~ b c o u c c . g a m d M a E a r ~ ~  
n r p o t l l a d t b s a i l . T h e ~ ~ d ~ ) b e I b l o m ~ t b c ~ 0 1 1 0 f B d d h M  
thc soil tbmugh 8 wclt (i.c. Bvid . ~ a ) . T b c  p- W haw an ek&p!mtk 
'mstiMi~~modclthtansimrl.tc~w+.hmingbDLNiav~lbarMh.ucthc 
~ m m o d d ~ ~ g a d u c m ~ . ~ w r r d o + u m  
h a u d h c ~ - n o d c l ~ w ~ & t b s ~ ~ f * b M d s .  
Tbc S+SofIeni@3arhing model herpmd imo m C  is  b a d  o. an 
i m p l e m m u t i o . o f t h c M o b r ~ m o d e l ~ o o n k m c d ~ m d u s o d . t r d  
tension Ewv rules. Th bawe. thc so^^ modd ad thc 
M a h r S o u l n a b m o d e l " t h n t h c c o h a d o n , ~ ~ d W ~ m y ~  
m d s r r r r c . A c r t h c d ~ t o y i d d ~ . T h M o ~ c a U l d m o d c l . . ~ ~ ~  






' T h r f i n i ~ d i t r d i t r @ ~ T o r l b i r M ~ W ~ ~ ~ d 6 . 4 ~ h * i s a  
. C . , l l . l m m m ~ .  T h r ~ ~ ~ 4 ~ ~ . n 8 4 3 - ~ ~  
6 4 m m h y b m ~ ~ t d I t m U r ~ ~ U .  







~ u m c r i u l ~ o ( t h e ~ ~ d 6 d d ~ - c u r i o d o u t v r i a g  
pmorduror*tothosc~de~tbc*~.Ik~~iduiO1ll- 
l u n ~ m o d d d e ~ m d 7 B n b t b c f i M t c a r u l u d ~ p W  
r u n r ~ s u r * d o u t ~ ~ t b c r i r s i m ~ b t ~ r c l f ~ ~ ~ f t h s a l . F ~ ~ h  
E m a a u ~ ~ d n u l ~ t h c ~ d u c t o l p . v i t y ~ . ~ t ~ ~ H ) l i 9 . ~ 1 m ~ 8  
(tau CCFsOl, C m o z  a d  CCFS03). a 25 x 9.81 ~s.'(tms CCFSM M d N). Pmc 
~ ~ ~ d ~ m o u - ~ t h o u ~ t b c d m u l u i ~ a  
di-~-tbc~rmr(raT.bk5.4rmdhSUdd~1nFigur5.4). 

. m o a t a n d U T y i s l d - . t ~ c n d o f b ~  
. p l u s c * a n i n a t h e c n d & i  
. t b a ~ i a s n i m r m l ~ ~ a r r u f ' . , , " t b a ~ ~ i - d i , i ~ "  
duc m Euid &abn 
t b a c h . a g e i a u a t i o l e f f e m i v s r m u ~ t b a W ~ m a d i a n d u c  
m w @ s t i m  
. t b a ~ b ~ . l ~ a r r u h t b a q & ~ m & o n d u c t o  
tl"idMe.9i.m 
t b a ~ i a p ~ o p . o u . o k m t b o W ~ i - d i , i ~ d w t ~ & d d  
M 
. tbcntDof~mwside6euhrm~uatba.adofi@&m 
. ~ d ~ ~ d u c t o ~ g  
. ~ p m ~ ~ ~ t o f p ~ ~ ~ t b a ~ "  
Pri0d-d 
. hislory @a r k m i q  a,' hizonld) va q' (wsid) rmu pthr of .oil 




h l M g ~ t e n Z ~ Q f i v r u b i D j r c l i o n t c r t r - E . n i s d o u t n ~ l o w  
~nsroS0240.40,1.0,0.25,.Id0.40mV1Awhrm.of85Odanrinjdduing 
mb-tesm (ah @). (E). d (dh .Id 200 mI w i@jmed dwi=% (c). The - d l 4  
foO~crhubiDjstiontartfm-p"pmsumf~di*ptcdthcailsmpar 
t o ~ I n ~ m o d d t b i r ~ ~ ~ b y ~ o f f t b s i n j ~ ~ r s c . I d  
1 o ~ g ~ m o m ~ a t t h c v p p r . a d l o v c r b - d u i w w h r l ~ M W i n g f o w d s  
t h m u s h t i w h l W 0 s . ~ h t b c Z P R A C 2 ~ o n ~ p e x n d h ~ 5  
~ S P ~ ~ M . ~ I ~ ~ . ~ O ~ U ~ - ~ ~ ( O . Z ~ ~ V S ) . F ~ M . ~ ~  toM.MIfarubranb 
(o.40m~),F~M.61mM.70for~tcac(I.OmVr),F~M.71to~.80fmrub- 
a n d  (0.25 d s h  a d  ri- M.81 m M.90 for nrb-tnt 0 (0.40 &I). 


~ c h m a a t m 2 n U C 3 , r b . ~ ~ m ~ - u n i e d o u t ~ d s n u l y h i s b  
~ n t a r o f 1 , 3 . 1 0 . 3 0 . 3 , ~ 3 0 ~ s . A v o l u m o o f 8 5 0 m l a n r ~ ~ ~ b .  
tcnr (a), (b). (c), (d). d (4; ad  200 ml - M duriql(9. Fdhviw d ub. 
k j ~ ~ ~ m m ~ - ~ l o r - - ~ m ~ m d t h c ~ ~  
t o ~ . . R a u n ~ t h c 2 m . 4 c 3 ~ ~ . ~ ~ h ~ 5 " P ~  
U.9 l toA5. loofm&~(a)~ImV~Pi -A5 I O l m M . l 1 0 ~ u M a t @ ) 3 m l I *  
P ~ A 5 . 1 1 1 t o N . 1 U ) f o r ~ ( c ) ~ I 0 ~ F ~ M . 1 2 1 m A 5 . 1 3 O T o r ~  
(d)a30mYs,P-M.l3l toA5.I4Ofm&01~(e)a3 mVs,dF-A5.141 to 
5.150fmrub-M(t)530 m h  
~ i r a u b d ~ i a ~ i r c o f I h y * ( d m ( ~ u t b c d o f u b - t C * @ ) U 3 m V s  
(Figure N . l O 1  and Figme N.102). .llr mrr of inacurd pore premm hu p m m  
~ y ~ - M . l O S ) d t b c S O ~ a e i r 0 . 3 Z m h ~ w e O . ~ l o l u o f  
~ b ~ e R O O L i Y . ~ t o t b c d d c o f t b c v r l l h u M ~ r u n b a o u t a n r d l h  
t b c d d t b c ~ d a o f t h c ~ w n d r t D n h u ~ @ i g u r e N . l 0 3 ) .  
N ~ ~ ~ s h u ~ ~ d ~ I b o ~ d ~ t k p a i m o f  
~ ~ h o s r r v a ~ b u R o f d d v a t i u l ~ r m u t o t b c r i d . ~ f t b c a n l l h u  
g o l * n ~ - M . l W ) . . l l r ~ ~ w h R d u e r d m a * l u b ~ ~ . *  
tbegrrmca~ooruniagacvtbcyioldmaewigun~.105).Tbc~mofrkvmrd 
r m o r m i o i r l m t h b * c " k , ~ . a d ~ t h c y * M m a a ~ n b i d c l ~ g u r r  
N . l O 7 ) m e ~ o f ~ ~ ~ & O . l 4 m ~ ~ w e O ( F ~ N . l ~ ~ .  

~ ~ o f t h r ~ m n c ~ t b a - U t h c d o f r u b - t s r t ( O U 3 O l l l V s F 8 y r r  
N.141dN.14Z)u*~.uthadof&tsrt(e).Tbcaeospncperun~hu 
d o o n u s d ~ d r c a d . m w m d ~ 0 . 4 7 m t o t b a H ) k P . m m w ~ ~ N . I ~  
~ t b a ~ o T t b a p n c ~ ~ a r i t b i n t b a y i d d ~ h u ~ . I b s  
.b.pofthacgrcliva- dianhticmfp-A5.143, N.144, dAS.145) are & 
t o & ~ ( e ) , b o w s r r r , t b a t b c v c n i o l ~ m i o c r r u c i . ~ l b o M a d W o v t b a  
body ofthe yidd - for (0. Alpi4 tba mio disvhtion T i  N.147). d tba 
rcgiooofcnlumdpm&&ly~i8yrrM.148).n~lytbawuforIUb-tCN 
(d) d (C) 
A bmimmW d i - w  yield mnc h u  dcvclopd u hdicaed by Figma M.151 .Id 
M.152 ~ i s . n e l l i p c i u l r h . p O d ~ o f ~ p m p c u v r r v v i t h t b s S O I r P .  
m ~ l d h 0 . 2 5 m ~ ~ d ( F - M M 1 5 6 ) . I h n ~ d ~ ~ ~  
~tlYtipoftlYy*ld-~tbsra4dbcl0~tbcvsq~~tbsP"pcuvrrlu 
d s m w d b y h 5 O k P r I k ~ a r s c s s p n o p m s m m ~ ~ y i d d - i *  
~y55om.ttbs,.,im.fiiobiopTllC~.trrn~vsnif.sd 
~ t i . I ) ~ ~ - t b s y i e l d m a e w k r e ~ ~ p m s m m ~ i s ~ ~  
t b m ~ ~ ~ h ~ m c r r ~ d b d o w t b s y i c l d ~ ~ - M . 1 5 3 . M . I Y  
~ A S . l 5 5 ) . I k ~ r n t i o d i r m ~ ~ t m t b ~ ~ ~ . I d ~ t b c y i d d  
ma(FigweM.157) A r m e o f c n b m c s d ~ h r ~ O p e d t M a t m d 1 0 . 2 2 m  
htbcd(FigweAS.158). 

At thc md of rat 3FRACI. thc $4 rwo exmds q p m i m U y  0.42 m himmdb 
d b m  UT i n j w  4 p- A5.181 d Fi- M.182). A lyp buIb of 
~ p o r r ~ ~ ( 1 t h c y i c l d r m ~ F ~ N . I 8 6 ) , ~ t h c 5 O ~ ~ E W t ( 1 1 l  
I&O.38mhUT4.Arrgimofdudp"prrrurrk~.dj~UTtrP 
o f t h y * l d m n c . T b e ~ e a c s t i v r ~ i r n d ~ ~ t h c ~ ~ d  
~ l b o v c d W o r t h ~ - ~ - A 5 . 1 8 3 ) . T b e v c n i u l o g s t i v c r t n u n d  
M 

A E u i d w l u m c o f ~ d w u ~ m Z W m Y s ~ t a 3 F l u C 4 . ' I b c t a w . h m 2 u  
m 3 m C 3  but rith holimml d -tical euktiw aaxr. RDulu 6- thc 
3 m c 4  simdmim uc pmmd in A p p d i x  5 u€i- A5.201 m A5.210. 
At thc d of tea 3FRAC4, &e yidd mrr atcnds 0.36 m horimnWly 
outvvar h m  tba injeuim d (Figurn A5.201 and M.202) A bdb of imarod pore 
p r r u u r r a u m M d r t b a y * l d m r y ~ ~ " M . 2 0 6 X w i t h t b c M L P a ~ ~ O . 3 5 m  
6 - t b e d . ~ o f n d u d p r r u a r r ~ l o u t e d ~ d b c l o w t b e p o h t o f ~ n  
d I d j . E a a t h c t i p ~ f t b a y i ~ m a a . T b L e f f s t i v D r t r a r r r ~ u s t i ~ d  
~ W . r r r o d u o c d ~ & e y i o M m o e d ~ ~ d b o l o w t h c ~ I o N  
( F i i A 5 . z o 3 . A S . 2 0 4 d  N.rn5). Tbc arruntiodbhanimirsidarhaw-mnce 
m that ob-ed b prrviavr skuwhs ( X i  A5.207). 'Ibc @rm of dmxd 
~ - d h m ~ O . 3 5  m6-tksurllFi-M.208). 

M . m , M 2 2 4 , M . W ) i w t o u t d d e 8 ~ d & o f p m m -  
@ ~ ~ . ~ 6 ) T h e a r r u ~ i r g r r r c a ~ r c y O . 3 5 n h t h s d o m a O . Z  
m high regbn F i  M227). 'lbc mrr of pmmbility onhmcnmr a d s  0.3 m 




b d h u d c v d o p d " d ~ ~ " d v p a n d u , ~ t h c B m M d -  
.ppmamrmyl.~mfrmthcrcll .Tbcrmrofpmabilitymh.lrrmemisvay~in 
( r i  ~ . 2 3 a )  w thc r+m of* p w ~  -d in F- ~ ~ ~ 3 2 ) .  
A R a l l S O s o f i n j d m t i n + . t r ~ l b l p d y * l d m o . h u h r m D d t M ~  
~ y o . m 5 m ~ d ~ y o O o 3 ~ m u p v n d r h t h s m p D f t b c  
inj& imerd pi- A5.251 d A5.252). A lhcu bad hu famrd - tbs upper 
.urhcc ofthe yield mrx. Thc c&sliw 5res# ( F , ,  A5.253, A5.254. ",d AS.255) b 
r r d u d i n t b c r g M l o f l o i l ~ y i d d ~ h u & . n d . n d h i ~ h h u m M p ~ n  
m- (Figm N.256). Thc rmp ntio W g m  A5.257) is gmDIt nar tbc cme, 
pahMcroftbcyieldmnc.'Ilrmo.ofpamrrbility~mad..ppmximudy 
0.06 m ht l r  rdl T i  A5.258). 
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~ l l 5 s o f i n j ~ t i n + ~ y i d d w 1 1 ~ h u ~ r d ~ i s ~ ~ M u n d t h s w c l l  
~ ~ s a ~ ~ y O . 0 9 n ~ I t t h c t a p o f t h i n j c s l i r m ~ ~ ~ -  
AS.261 mdA5.262) T ~ ~ s k r b a n d s  b . v c ~ w b i c h o r i ~ j u n ~ &  
Mow t h !  top and bntom of tbc injmion imml. Ihc cffcctivc rtrr.. (Figure A5.263, 
A5.264, & AS.265) is rohrsd m th Won of- pmc prcarurc (Figdm A5.266) 
w h y i c l d i o g h u o m u n d . ~ c o T t h r r m c o f h . r r u r d p a r r ~ ~ i r ~ w ~  
o f ~ p m c ~ ~ ~ c f f c c t i v c r m r s b u ~ . T b a 5 R & ~ ( F i  
N . 2 6 7 ) k l p e a a t - t h s ~ ~ d t b c W m ~ p Y t i ~ I t ~ t i p o f t h  
- s k r ~ . I h c - o f ~ ~ d s . w m ~ o . o 9 m h a n  




Afls 2302 r of@wiolltim+ a yield - 6u rormcd th.t .%xteah 0.1 m 
D Y N Y P d l ~ t h c ~ o a i m i m s n l ( F ~ A S . 3 1 1  and M.312). h a r e m  M y  
~ ~ b . l d s ~ t b c y i e l d m l y b o - . i t - U u b v l d ~ ~ y b c ~  
m ~ a t k t o p d b a t o m o f t h c ~ ~ . T b a c h u b m ~ m & ~  
o f r a l a t k ~ ~ . T b c ~ r t r r u ~ ~ A S . 3 1 ) . M . 3 I ~ . n d M . 3 1 5 ) i s  




Them vu M y*ldiog .Ra 1420 s f l i o n  u i d h o d  by C- A5.321 a d  N . 3 2 2  
~ l u u S v a y d ~ d ~ c a s c t i v a r t r r r r ( r - A 5 . 3 2 1 . N . 3 Y 1 , A 5 . 3 Z )  
~ t b c p o ~ o f M ~ r b s c t b c p n c p a n m ~ ~ r l i ~ ~ ~ ~ M . 3 Z 6 ) .  
The stress mio Utbc point of hjeclLm i ody n m & d y  inma%ed T i  M.327). NO 




A broJrdmn ofthe 38 d shnrlwiom surid out durhg U s  rady is  Y (OUOM: 
cHAPlZR6 - DISCUSSION 


e r n s ~ w ~ . r ~ ~ ~ u t b c ~ ~ w 4 . 1 8 ) ~ m ~ ~  
s s l r P * d y i n t b a o n . a d ~ ~ f o r m g a o f t b o ~ ~ . T h c b d t i . l  
j l l m p i n ~ r h m b F ~ 4 . l S . m M o d ~ t b c ~ d r u ~ p i o r W t b c  
~onpump~rsaslrdon.ItrbdavrdmamcBDarnerortbi.on-rmtSE*rmty 
l o w t M t h s ~ o f B v i d E 0 1 * t m L p l . o c ~ ~ p n c - ~ t b e d . B u c d ~ ~ ' ~  
= m L P ~ u = 4 9 ~ s ' = O ~ ~ ~ = 4 ~ , 9 q . o d K = 1 . 5 , t h m i a i m u m - ~ ~ ~  
r r s u i r r d t o u r r c ~ i s s 5 k P a I h m ~ p ~ ~ t b c ~ o n  
- 28 kPL No yiddhg of soil M duing tbc FLAC s h d a I k m  Of CCFS04M B i  
M 3 6 l ) . ~ t b o ~ i n j ~ ~ f r o n ~ ~ o n w U ~ ~ U ) t b c  
~ ~ d u i n g t k ~ t e r r .  
h a d d i I i m t o t m ~ ~ a , n d ~ n b n o * r i n v o M B m v  
h c t b c p o r r - w a h M l a o r m f l ' d d i a g o f t b c d ~ t b c ~  
imhsdiw CCFS03S m m 1 .  CcFS03K. CCPSrnL, c m u  mdccrSo4N. hi,, 
rorkta trucp" ided imAppdiX5 .  

~ ~ h u t e g u a ~ t b c ~ - 5 t h s t m d b a t o m o f t h c  
injstim hted mguc 6.10). h the case of CCFSOZG, iaiti.l yielding ocommi due ta 
. h . r i o e . ~ y i ~ n u y b s e a b s r i a r b o . r n i n t ~ o r I h c m o d c d ~ i r  
d ~ o n t h c ~ i n d @ r t r r r * t k a i l l m D g b ~ ( c ' . + X m d t h c ~ p t h  
W r c n t o ~ y i d d ~ .  
T b ~ o f ~ d ~ ~ i a j s t i m P I U ~ d e . d d i t i ~ ~ ~ p p o n f o r t h s ~  
of rn yield 5 ths top ad bottom of thc inj& imanl. fn FLDTSTI, p o a a  
a u y . t M n ~ t h a t k d p m s ~ a ~ t b r r o p d ~ ~ h t e d ( s e e F l s u a  
3.9). ofthe -*tests ourid mia S p m h h  k d h  CCFSOIA ( F i i e  4 SO) 
a d C C F S O l D ( F i - 4 . 5 6 ) M d p ~ ~ h b n h t h c m p m d ~ o f t h c  
ystim interval; CCFSOZF @iyn 4.61) d CCFSmG (Figure 4.63) hd a dp ma 
-xi* h n  t k  bottom of thc iajstim imcml, ad CCFSOlB T i  453) .ad 
c c ~ s o ~ c @ ~ 4 . ~ s ) k b h d ~ d y c m r t ~ j u a ~ t b r t o p o f ~ ~  
i n t a r n l . T h e & o u o ~ t a D ~ a v i d - o f u v i y ~ m @ e . a W  
mm of dysd .oil unovadiag the ,,oh of i"jmim). hama, CCFSOZE 
@a 4.59) .ad CCFSOW ( T i  4.64) slch lud I dyc mrt i d a h g  .bWt hdf-vay 
- the top of& in,& i n d  ad thc mad &. h bnh of the% d% the 
~ s t i m E ~ d m ~ u p . l o l q l t b c . o i V d i m ~ f o r a s u b a u l l i . l ~ M m t k  
d ~ m a b g . l l t o c x t a d ~ ~ s .  

. " h * b * ~ d ~ d ~ - ~ ~ ~ k . ~  
~ . T h e ~ o f ~ h v n u s n q v i r r d m m c ~ a d v u ~ . b r u f f  
~ I h u - l n a l o f p t h ~ ~ b . ~ h i e v D d ~ ~ e r h c m m t  
~ . S b r d i r p ~ c n n x i m M w h m e h n a a . d ~ i n t b s a * l  
~ o f u p w t u o ~ o f ~ . m ~ w n a m a u n d i n .  
M m  pdld to thc indusod rbar band. but should b &+Uaidy gata tbvl in tk 
uri.ldirwh. 
T b c ~ o f ~ ~ ~ s v i t h i n t h o r h m ~ a n r i n M t i g m a d ~ t b s  
d d ~ a n i d m u ~ ~ t h c * t o r t & u h ~ K R U N O ,  
K R u N I . K R U N 2 , d K R U N 3 , t b s ~ o f ~ ~ d u c m ~ r h m  
stmb wu mid by &am of 1.10.100 ad 1000, mpaivdy. Tbc rrulU of tbcr 
~ ~ ~ d t b m ~ ~ ~ ) ~ ~ t h c y a l d m a e . r a m d ~  
W o n d m p r i m u l h . b y a u v i t y ~ ~ ( ~ P i ~ y ~ M . Z ) d n o r h r r  
b . l d i q g w u & d A s t h e ~ . u u . I I ~ ~ m ~ ~ ~ m a e r w b a c  
t b s p l M i c r h m s t m b ~ m m e ~ ~ ~ B c u b . l d . ~ ~ ~ r s Q a t e d  
svithinthe roil (rcc F- AS.12, M.22 d M.32). Tbc *& of. rhmb.ld wu 
found to ruy d e p d k @  on the d- of- mbmmem u d .  Whao the 
~ s o f t b c ~ ~ v u d ~ c x I O ) , t b c ~ M t e n d c d t o b c  
~ t h i ~ ~ w A S . 1 2 ~ d ~ ~ ~ o f t h c ~ ~ ~ 1  





e o m c c p s o l c ) . Y ~ w i l h i n ~ - ~ ~ ~ ~ ~ u t b s o i l ~ * t e d . a d  
deform4 mikdly dmiw tb iajktioa -. This yield rmr dewlops lad.r Kc1 
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Chm@q th depth of Ur kjdo. nna m y  have 8 r m i d  inaucllcc on Ur irjdoll  
p m a a ~ t o ~ i n t b c ~ o f t h ~ ~ ~ , ~ ~ ~ d t b c p i n ~ r l ~  
do, K. lhc of dm& tbcr pamaon is dimmed Imer in s m h  6 . 3 .  - Soil 
stmslf.tc 

Cb.mber taO 3FRACS .nd 3ERAC6 m add out n a hi@ g b m  rate d 
~ . p o M ~ 0 1 ) t b o ~ * n t h e ~ o T ' ~ ~ " . T h e ~  
~ o f ~ t w t c . u ~ d a P & I - * & ~ i a ~ t k . n * ~ d h  
~ ~ . n d l k w d I ~ " m o d d l e d ~ m n d ~ t h c ~ ~ f t h s l o t .  
W b r a t b c & ~ f t h ~ u l ~ ~ ~ ~ w i t b t b c m d m . a i s ~ t h t  
t b c ~ r e a m d p & i n j ~ ~ ( 6 8 1 L R F o r - d 7 5 8 * R T o r  
3 F R A c s ) n . u b d W l o s r r r t h . n t b o u d n ~ ~ y  (42SOkPsTor3PRACS 
d ~ ~ f w 3 F R h c s ) n b c r r . n m e j v c E n a y ~ 0 1 1 ~ l m u u ~ .  
? h p ~ d n . p p u r t o ~ m ~ r i o l d - t o ~ U t h c R s c o f t h e ~ V m  
s v i t b o u t f h a ~ t h m u & t h c E N a y ~ ~ t h m ~ ~ o b a r n d h p r r v i o u s t a t r .  
Fweumpk.Aa.~lybr.T~&pridtbc.tnansimMuDd*dwiUIWP" 
fwmsdsknnuyrrsembhthl~hF~6.21),~.Rertbs-Minj& 
p . . i o d t b c a u ~ P M m d . d w i U I . p ~ r l o t , " . y b s m 0 1 c ~ w F i 8 "  
6 . z b ) h ~ a m o € ~ ~ h ~ y f o d . ' I h c i n j s s l i o n ~  
~ m m d t h c y i c l d ~ b c y d t b c p M d 0 1 i s l c r r t h w d d b e ~  
t o ~ t i u e ~ U ~ ~ U a a r n . l a  

Tbc velocity a ubieh Euid -st he injcclsd into a snlRarr to gcoaac rufScimd pore 
~ r c l t o u u a y i d s m s o f t h c m l k ~ m u c h d e p r d c n t o n t h e h ~ c ~ v i t y  
ofthe d. Iftbc soil is dmdemte to high -. it i s  unlikely th.1 W inj& bto 
~ w d t b o r e r n a l a r ~ ~ ~ ~ p o r a ~ t o s w a ~ o f  
t h e d . % - l o i l ~ a a ~ E h h i ~ ~ s b b n v e l + , ~ , r m y W o p  
Z M  
a r c u ~ ~ ~ t o ~ ~ o f t h c d . I n j S t i r n t a U f n ~ S O 3 ( L  
J . ~ . n d L ) - M * d m ~ t h c ~ r r O ~ d ~ m R c . ~ t C I U f o r ~ l  
( & B , c , D ) . C m S 0 3 t a u ~ u n i d m h a t a t k d ~ h a & m n  
pamsb*ty*ltu~-CCFSOlto*rwaccurirdmhlov~~S~ 
k d i n  d.y. S i i  yielding a c c m p i d  by thc Bdrn Of exwmivc pdm.r 
d i ~ ~ w u o b d i n . U f o u r & y ~ . L l h c a i l t y ~ t o t t g n o ~ e s  
m o b a M d ~ p a t - P n Q c L ~ m d a r o m ~ r i ~ d i d ~ ~ ~ ~ , a a r u ~  
a a d - ~ f a i l d j - t t h c ~ .  
A ~ ~ o f v i r l s h a m u n s d i n ~ l u r r i u l ~ t a K a r ~ 3 I  
C C P S 0 4 N u d m S T 2 . ~ t a m M p r r w a ~ j u a 8 r r m r t h v l U K t o W  
~ m - a r i u l . n i n j ~ d o 0 ~ 1 2 6 9 u d 2 1 9 1 . D i ~ - m  
obrrvcd in CCPS03L or CCFSCl4N. -, it is posiic thn they nry h f o d  aeu 
t h s v r l l b u t - ~ ~ o t v i s i b k ~ U ) t b c I . g c ~ ~ d y c i m o B e r o i l d u r i a g t h c  
injedim u*. DuMg CIUY~~.,,, of m s n .  rrrrr wcn obravrd madins 
1ppmxktdy1.5 m ~ n h w r d r B o l n t h c ~ o a v r l l ( ~ F i 3 . 1 3 ) .  
TslsCCFSOl (A, B, C, D) ud CCFSM (E, f. 4 H) unird out in S p w b  kaolin J.Y. 
h . d ~ ~ ~ ~ ~ I . I a n ~ d o o f ~ . m 1 . 7 a  
m i n j r s t i o a d a d 4 M 0 O I n t b a c d a y t a r t 5 t b a o i s * v s y ~ ~ i n ~  
vith- w~ntL-~. .  . q " M a m k v u i o d ~ t m ' , t b s d  
~ o f t b c d ~ m c + . s u n n b e D n n p r c d ~ . I t ~ ~ ~ , t h . t U K p b  
M ofth dis=odmkia (T& 4.8) imnawd T& with imcujngqscion mr 
T h c n r u h r o f ~ r i m u I . t i O I U ~ w t b c ~ ~ f t h c y i r ( d D D ( Y d t h o p o n  
m---aarha'--.T..tzFRA&didWWe 
t h c ~ ~ m y e t ~ p c ~ l r r ~ o f ~ y + 1  rrtobland.Rcrwn 
~ o f ~ I . n d 2 r v a c o b r a r v s d i n n a r 2 1 R A C Z b . a d Z F l U C 3 a , m d t b c  
~ a l ~ ~ o & ~ y i e M n n r ~ . N v n v r i ~ ~  
k d i u t o d m d c n D y i e M ~ d e v d ~ ~ 2 1 R A C 2 e d ~ b d ~ ~  
o f ~ 4 t o 4 H . W l t h ~ h j d i t i m ~ U r r r i r . n ~ b  
in prclauo (3IRACI. 3 F M Q  3- md 3 W ) .  Tesu 2FRAC4 md 
Z F R A C 5 . ~ w ~ m ~ h . d p m b h ~ t h c q d i m ~ s v t d c h ~ i n  
l - t h . . # ~ ~ U t h c w d l . ~ i s ~ b y t h c ~ ~  
~ m r u u r r d u t b e ~ d t h c ~ d ~ L r m C t ~ ~ t C I U F - M . 5  
.adA4.7).Alro.tcn3mC3,wtjcb~arrrdoutundortbcnmcbouDduymd~kli011 
&om u ZFIUCS, d e d  in a p.L hjsctio. pcuurs of 1230 kPa, *tdck is 
ai@dy-th..muaodd-~cs.~~3mc~.nd3-.la.boar 
a p r r a - r s r p o a r c t W i r p 1 ~ I w r t h . . i m i l l r t e s u a v c h u 3 F R A U , ~ .  








Sauclunl m 8 I d  incMa tbc cekstr of 
~ ~ . . a d ~ . S b c u ~ d p o p l p t e i n t h a l m m l a t M  
q u i r e s  tha leu .mum of -. W k e  bedding fcrmra cda, swb u may ormr 
m f u d y  io h s u k  dqodu or m y  be sraod due to c m m d a b  pnaisor (i.e. 
crmprtanofd~mh~t-J.mayd="dopMdertradin~oricrmtionrmd 
d h r a i o n r . ~ ~ y b e d u c m . l d ~ s l m r & o r ~ ~ ~ t h c  
b c d d s d r o a , o r ~ b c d u s t o a ~ p c f a s d p r t i o * ~ a h r m ( i s o d d ~  
t h e h y ~ c ~ i ~ ~ m ~ Y g h a b t h a M m p n U d t o ~ u d k  
~ s u l a r t o t b c b d d @  W h e r e ~ c ~ d ~ ~ ~ c X i R t b c r m r o f  
- p m ~ ~ p o p . s m ~ i n t h a ~ ~ t b c ~ ~ .  
Sow evidence of pkd micnution of dye trra uru a b d  in b& Bdd lc& h 
M T S T I , ~ d y s ~ - o b . c m d t o ~ M m a ~ c . -  
M m p . e t e d ~ . a d m v d ~ . l o ~ i i f t i a ~ ~ r h m t ~ a f D n ~  
~ f o t h a ~ ~ ~ ~ 3 . 9 ) . h F L B T S T L ~ ~ - d m d e d t b . t t h a  






T h c & d f i ~ ~ m y . n d ~ l l " i d ~ U r r m Y C ~ . W b u a t h e  
i n j d o n  vclodty is low RL.dvc to th h y h d i c  cmductivhy dth aiL B a v  !hwgh th 
p n c - w i t b a n ~ 1 * . . m u o d t o b 0 * ~ ~ . 1 1 1  
Yielding of the roil m y  axur duc to shcariq or t h o .  Thc spec450 msb.nimr is 
~ o m t h i n i t i . l a m c o f ~ i n t h c a 4 t h ~ ~ d t h ~ ~ u r m r d c ' & 0 ' .  
d t h c ~ p m h ~ t ~ t h c y * l d w B a . ~ ~ ~ d t h o r o i l i n ~ d * b . a d  
dmloplncairmnbMyto-&etos~prtisulmlyin~*linkorao 
sohaion&withKmuchlvgcrthrn1.Aftcr~dyiddio~ormnducm1hcr,soontinucd 
p o n ~ ~ d d i n n - m ~ J ~ a a r r u p . l b o n t b a y i d d ~  
m t h e O : = O d o 1 1 s v b a c ~ ~ d u c m t & n . ~ ~ i n p n c  
~ w i U r r a r l t h t h ~ o f ~ ~ i n % h e r o i l .  
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H a " a Y ~ E d m e d & ~ a l a ' b a . & ~ ~ * ~  
x i t h . b e u b M d s ~ ~ . R e r t b c p J ; ~ i ~ . I h e ~ ~ o f  
k ~ ~ t b c ~ o f M i d . * t b c ~ - ~ h . ~ o f  
~ p - b i ~ i t y ~ t b c k b a d . ~ - o f ~ ~ ~ ~ ~  
~ ~ ~ . o d t b c k b . o d U ) p m ~ . d - ~ w ~ y ~ t b c d m a ~ )  
fluid injsstion A b o t h  wu i m p m t s d  hM 1 Rnia umid modd th.t 
* o u l d i m e u a t h s ~ o f r n ~ o € r o i l ~ - ~ ~ u c o f a ~  
p l u t i c * ~ h . d b c n ~ . ~ . o € t h . i n j & - w i n g t h i s ~  
F m i d a i ~ ~ ~ t b c ~ ~ ~ ~ i n t b c ~  
ud tht duemhd numaially. 
. d o r i ~ 0 1 1 ~ ~  -I "mhl). 
wdl (i.c. depth dl diameter, and irjmim b u d  I&) 
- ~ c m o d u a i v a y ( t b c ~ ~ o 1 t b c p o ~ f i d b t b c m 7 ~ m f  
d y p u l m a a ~ ~ y b a ~ b ~ . ~ 8 1 ~ t b e i n ~  
a u i d ~ ~ ~ ~ ~ d a u i t v b m c a ~ ~ r n t h . 1 0 f ~ ~ t b c ~ c  
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r o i l m a s n u e ( t h e i n ~ ~ m a s i s a ~ ~ f ~ r o i l v l d t w d g h t , t b c d ~ t b s  
I p o u ~ r m d n i w * " " J ~ ~ ~ . " i O K )  
. roilSirm@pRmcar(~'. 0') 
. roil dchrmmon pmmum (Ci, B, *) 
~ a o a r u c a a s ~ ~ ~ b c d d i n s . b m c s m d y d ~ . . n d ~ )  
h & ~ ~ i q i r o t i o n t m p r n - - ~ O U f ~ a w i d e ~ o f r m l a d ~  
dh. Two Sdd d c  mid rcC6.m taru m urrid out Born. ""tical ad. 
h o r i m n W a r c l l c o n r a u c W i " ~ o d ~ ~ i l t y n u . S m - ~ r r r k ~ g e  
~ & t c n r m u n i c d ~ b o m v e n i d ~ i n o ~ ~ ~ o t i d a o d l i r o l i D d ~ y a d  
--lhy..lld ~ ~ d M ~ d ~ 6 n m I 8 ~ t c N i "  
u s d f . n i c d M ~ . M l t i u l x o O i n a l v g s f r i . d . l ~ o n ~ . T b c c h . m b a t c s t r  
2a 

Wbcll fluid is inkad imo a wdl It ante thn d tk r e  m wbia p r o  
~-diuipacintbcSOqthmim~dnpidW~pofBuid-in 
t h s ~ a a . ~ k g e p a r r ~ ~ ~ . d ~ o n o f . n l  
mrthsp&tofinjaion. l i @ i n j e a i o n p r r a a r r e d i n M h c & a m d ,  
~ d U n s s a t i . l * ~ ~ t i d e t k r o l r o f c l ~ ~ m c d p w c ~ i n  
. ~ ~ * t o U u t ~ w a h . ~ . * ~ ~  
l a ~ s ! m h ~ ~ s , t h - o f y i d d i s & ~ ~ y b y ~  
~ i n ~ . I t i s t h i . ~ ~ d h s t t h u p w i d e s ~  
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APPENDIX 5: RESULTS OF lVUMERICAL SIMULATIONS 
The mrvltsof numcncnl nmulauonrof thechambertests are presented m Section AS.1, rlmulations 
ofthe held Isre are presented in Secrlon A5.3. m d  simulruonr ofrhe eenmfuge tests arc prrscnrcd 
in Secrxon 45.4 The results ofcach rxmvlnl~on p r r~n rcd  ~n asencsof 10 f iqrer  thllmcludcr 
ploli ot 
the extent of the lleld zone at the end of injection lor u some tlmc r )  
plaruc r h e a  rtnrn at the end ~njectian lor at some ume I) 
the change ~n hanzonul cffeclmvc rmr r  due lo fluid injection 
rhc chsn~e ~n venlcnl cffccri\e stress due to fluid nnjocr~an 
the c h m ~ e  ~n rrnpnrlal effccrlve stmsr due to fluld injection 
rhe c h a n ~  1" pax pressure due to fluldlnjeetlon 
the pnncipd stresnuo (honzonral tovcnicd effective ruerr)rttheendofinjection 
(or at some rime t l  
reglon of pmvablllty enhancement due to rheuinp 
harroncr rhowinprhc de\elopmrnr ofpore prcsrures duringrhc tnlection p n a i  and 
hisroner shau~ngsmrr p~ rh r  of roll clcmcntr during the cnjenian priod. 
In FLAC. porlulvc stresses ~nd!cmc renrlon andne~arxvermrwr #ndicalccamprernon. P a ~ l r l ~  pore
pierrums ue prercnrcd with r p x s ~ v e  sign. Whcrc changes in  rmsr arc p l o w  n polllive rtrerr 
indlcxer thar the magnlrndc of the mmprerrivc rucu hls & r e d .  and a negative SMrl  
shanp ~ndiczirer har thc mrglrudc or the compmrxvc stress has insrcacd. A pminvc change in 
pore pierrvie indrcnrcs an xncrcaw tn pore persure, ansgativschanp indicates areducrion in pore 
pressure. ,411 figurer ploncd as ourpur fmm FLAC urc this sonvcntion. Figurer wtuch were not 
demcd from FLAC (i.c. rmr r  path plorr ~n thlr nppndir) use the nmllon where comprerrlve 
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